Properties and gene structure of a bifunctional cellulolytic enzyme (CelA) from the extreme thermophile 'Anaerocellum thermophilum' with separate glycosyl hydrolase family 9 and 48 catalytic domains.
A large cellulolytic enzyme (CelA) with the ability to hydrolyse microcrystalline cellulose was isolated from the extremely thermophilic, cellulolytic bacterium 'Anaerocellum thermophilum'. Full-length CelA and a truncated enzyme species designated CelA' were purified to homogeneity from culture supernatants. CelA has an apparent molecular mass of 230 kDa. The enzyme exhibited significant activity towards Avicel and was most active towards soluble substrates such as CM-cellulose (CMC) and beta-glucan. Maximal activity was observed between pH values of 5 and 6 and temperatures of 95 degrees C (CM-cellulase) and 85 degrees C (Avicelase). Cellobiose, glucose and minor amounts of cellotriose were observed as end-products of Avicel degradation. The CelA-encoding gene was isolated from genomic DNA of 'A. thermophilum' by PCR and the nucleotide sequence was determined. The celA gene encodes a protein of 1711 amino acids (190 kDa) starting with the sequence found at the N-terminus of CelA purified from 'A. thermophilum'. Sequence analysis revealed a multidomain structure consisting of two distinct catalytic domains homologous to glycosyl hydrolase families 9 and 48 and three domains homologous to family III cellulose-binding domain linked by Pro-Thr-Ser-rich regions. The enzyme is most closely related to CelA of Caldicellulosiruptor saccharolyticus (sequence identities of 96 and 97% were found for the N- and C-terminal catalytic domains, respectively). Endoglucanase CelZ of Clostridium stercorarium shows 70.4% sequence identity to the N-terminal family 9 domain and exoglucanase CelY from the same organism has 69.2% amino acid identity with the C-terminal family 48 domain. Consistent with this similarity on the primary structure level, the 90 kDa truncated derivative CelA' containing the N-terminal half of CelA exhibited endoglucanase activity and bound to microcrystalline cellulose. Due to the significantly enhanced Avicelase activity of full-length CelA, exoglucanase activity may be ascribed to the C-terminal family 48 catalytic domain.